Reflex discharges of the hypoglossal nerve elicited by electrical stimulation of the palatal nerve (PNS) were compared with those of the same nerve elicited by glossopharyngeal nerve stimulation (GNS) in frogs. The results were as follows: 1. threshold of the stimulation for eliciting discharges was higher in PNS than in GNS, 2. frequency and latency of the PNS-elicited discharges were lower and longer than those of GNS, respectively, 3. the PNS-elicited discharges consisted of one component with short latency, while those of GNS consisted of two components with short and long latencies, respectively, 4. the GNS-elicited discharges were facilitated by conditioning PNS, 5. PNS elicited discharges only in the hyoglossal branch of hypoglossal nerve controlling the tongue as a retractor, while GNS elicited discharges in the hyoglossal branch that functions as a retractor, and in the intrinsic and genioglossal branches as protractors, 6. the PNSand GNS-elicited discharges were similar in characteristics to those elicited by tactile stimulation of the palate and tongue, respectively. These findings suggest that the sensory input from the palatal nerve polysynaptically elicits retraction of the tongue for transport of bolus from the oral cavity into the pharynx, while that of the glossopharyngeal nerve mono-and/or poly-synaptically elicits retraction and protraction of the tongue for bolus transport and rejection, respectively.
Introduction
The movement of the tongue during mastication and swallowing is controlled by the reflex sensory input from the oral cavity. Electrical stimulation of the glossopharyngeal nerve elicits massive reflex discharges in the hypoglossal nerve innervating the tongue in frogs1-3). This indicates that the glossopharyngeal nerve controls the reflex movement of the tongue for food intake.
Electrical and mechanical stimulation of the palate elicit the reflex movement of the jaw in the rat and These findings suggest that the sensory input from the palate through the palatal nerve is an important factor in reflex jaw and tongue movements. However, little is known about the reflex pathway from the palatal nerve to the hypoglossal nerve in reflex tongue movement.
The purpose of the present study was to determine whether the reflex pathway for tongue movement is mono-or poly-synaptic and how the reflex relates to protraction and retraction of the tongue. Therefore, reflex discharges of the hypoglossal nerve were investigated in the frog. First, the characteristics of the discharges elicited by palatal nerve stimulation (PNS) were compared with those elicited by glossopharyngeal nerve stimulation (GNS) under various experimental conditions. Secondly, the effects of conditioning PNS on the reflex discharges were examined. Thirdly, peripheral innervation of the tongue was determined by recording the discharges in some branches of the hypoglossal nerve controlling tongue retraction and protraction. On the basis of the results, the possible role of the sensory input from the palatal and glossopharyngeal nerves is discussed in relation to the reflex control of tongue movement.
Materials and Methods
Bullfrogs (Rana catesbeiana) were used throughout the experiment. Frogs were anesthetized with MS-222 (ethyl m-aminobenzoate methansulfonate, 100mg/kg intraperitoneally) after slight ether anesthesia and laid on their backs on a board. The frogs were maintained under light anesthesia by additional administrations of one tenth of the first dose to prevent spontaneous movement. The hypoglossal nerve after being dissected from surrounding tissues was cut proximally, and attached to a pair of recording electrodes in a small paraffin bath. The palatal and glossopharyngeal nerves were also freed and their distal ends were mounted on the stimulus electrodes.
In some experiments, four branches of the hypoglossal nerve (genioglossal, intrinsic, hyoglossal and styloglossal branches) were separated and their discharges were recorded. The arrangement of the stimulus and recording electrodes on the nerve is shown in Figure 1 .
The length of each nerve between the stimulus or recording electrode and the proximal end emerging from the brain stem was fixed at 13mm.
For PNS and GNS, rectangular pulses of 0.1msec duration were used with changes in their number, interval and intensity, and reflex discharges were recorded from the ipsilateral hypoglossal nerve. The discharges were monitored on an oscilloscope (Nihon Kohden, VC-10) and stored on data recorder (TEAC, R-61). The number of discharges was counted using a histogram analyzer (Nihon Kohden, DAB-1100). Student's t-test was used to determine statistical significance.
Latency of the reflex discharges was determined by measuring the time between the onsets of the stimulus and discharges. However, the latency included time required for conduction of both afferent and efferent nerves of the pathway. Hence, the latency was obtained by subtracting the conduction time of the two nerves from the overall reflex latency. The conduction time was obtained in parallel experiments by measuring the interval between a single pulse and its elicited compound action potential in the nerve of 13 mm.
In the experiments on the effects of conditioning stimulation on the reflex discharges, a conditioning stimulus was applied to the palatal nerve, and then a test stimulus was applied to the glossopharyngeal nerve with successive change in time between the two stimuli. For mechanical stimulation, the tongue and palate were scratched with a glass rod.
Results

Stimulation for eliciting discharges
No significant spontaneous discharge was observed in the hypoglossal nerve in the resting state. PNS with a single pulse at intensity of 1.0V elicited no reflex discharge in the nerve even though the pulse intensity was increased to 5.0V. However, two or more train pulses with intensity of 1.0V at an interval of 10msec elicited discharges with a relatively long latency (upper records in Fig. 2 ). In contrast, GNS with both single and two-train pulses elicited massive discharges. Both discharges were similar in pattern and latency (lower records in Fig. 2 ).
These results show that the discharges elicited by PNS are closely related to the number of stimulus pulses in contrast to those elicited by GNS. Therefore, the relationship between the pulse number of PNS with change in pulse interval and the discharge number of the hypoglossal nerve was examined. As summarized in Figure 3 , the discharges increased and then decreased in number depending on the stimulus pulse number regardless of difference in pulse interval.
However, the rates of increasing and decreasing discharges became higher, and the attaining time to a maximum became shorter in reverse proportion to the pulse interval of stimulation. Although the stimulus pulse number and interval were different with each stimulation, the maximum of discharge number with all stimulus conditions almost showed a constant value. From these finidngs, two-train pulses with 10 msec interval were most effective for eliciting discharges. The discharges elicited by GNS with a single and two-train pulses of 1.0V were very similar in frequency, amplitude and latency. Therefore, in the following comparison between the discharges elicited by PNS and GNS, single pulse was used for GNS and two -train pulses were used for PNS .
Comparison between discharges elicited by PNS and
GNS
The reflex discharges of the hypoglossal nerve elicited by PNS and GNS at different stimulus intensities were compared (Fig. 4-A) . PNS with intensity of 0.3V elicited no reflex discharge. Increasing the intensity up to 0.5V or more elicited discharges. The discharges increased in frequency and duration, and were saturated depending on the intensity. In contrast, the GNS with intensity of 0.3V elicited reflex discharges. They increased in frequency and duration in the same way as those of PNS with increasing the stimulus intensity. However, the discharges elicited by ship between the stimulus intensity and discharge latency . The latency was significantly longer in PNS than in GNS (P<0.01) PNS was lower in frequency than that of GNS, as summarized in the relationship between the stimulus intensity and discharge number (Fig. 4-B) . The threshold for PNS-elicited discharges was 0.5V, and the discharge number increased with stimulus intensity up to 1.0V where the number reached a plateau.
There was a similar relationship with GNS, but the discharge number was higher than PNS over a whole range of stimulus intensity.
The relationship between the stimulus intensity of PNS and GNS, and the latency of discharges is shown in Figure 4 -C. The latency was revised by subtraction of conduction time in the peripheral afferent and
Discharge pattern with change in stimulus intensity
To elucidate the difference in pattern between the reflex discharges of the hypoglossal nerve elicited by PNS and GNS, the discharge number was counted at 2msec intervals by a histogram analyzer. Figure 5 shows the discharge count sequences of the reflex discharges with change in stimulus intensity, which were the sum data of 30 experiments. The discharges elicited by PNS increased in frequency with increasing stimulus intensity up to 2.0V and remained unchanged thereafter, and the pattern consisted of one pending on the stimulus intensity. Both initial and subsequent components of the discharges were finally incorporated into one component at the intensity of 1.0V. Therefore, the discharge duration became longer with increasing intensity, and the final duration was 60msec on average. From both series of the discharge patterns, the maximal intensity of stimulation was estimated as 1.0V for PNS and GNS.
Effects of conditioning PNS on reflex discharges
The data described above clearly indicate that both the palatal and glossopharyngeal nerves synaptically connect to the hypoglossal motoneuron in the brain stem, and suggest that the number of connecting fibers is smaller in the former than in the latter.
Therefore, to determine the input of the palatal nerve in relation to that of the glossopharyngeal nerve on the activity of the hypoglossal motoneuron, effects of conditioning PNS on the GNS-elicited discharges of the hypoglossal nerve were examined with changes in interval between PNS and GNS as shown in Figure 6 -A . For conditioning PNS and test GNS, two-train pulses with 10msec interval and a single pulse at a supramaximal intensity of 2.0V were used, respectively. As shown in Figure 6 -B, at first, discharges elicited by test GNS without application of conditioning PNS were recorded as the control. Successive application of conditioning PNS and test GNS with interval of 1,000msec elicited discharges, respectively, but the GNS-elicited discharges remained unchanged in number, duration and pattern compared with those of the control (PNS-elicited discharges not shown). When the interval between conditioning PNS and test GNS (C-T interval) was successively shortened from 1,000 msec, the discharges were increased, and then decreased in frequency and duration depending on the shortness of the interval. to elicit a maximum discharge was 33msec on average. Thus, the conditioning PNS facilitated GNS- elicited discharges at the appropriate period of the interval.
Discharges of branches in hypoglossal nerve
To understand the tongue movement elicited by PNS and GNS, reflex discharges were recorded from the genioglossal, intrinsic, hyoglossal and styloglossal branches of the hypoglossal nerve (Fig. 7) . For PNS and GNS, two-train pulses with interval of 10msec and intensity of 1.0V, and a single pulse with in intensity of 1.0V were used, respectively. PNS elicited discharges only in the hyoglossal branch innervating the tongue as a retractor. In the other three branches , no discharge was elicited when the intensity was increased up to 5.0V. In contrast, GNS elicited discharges in three branches: the hyoglossal branch innervating the tongue as a retractor , and the genioglossal and the intrinsic branches that function as protractors. Neither PNS nor GNS elicited discharge in the styloglossal branch.
Discharges elicited by mechanical stimulation
When the palate and tongue of the frog were stimulated mechanically with movement of a glass rod, reflex discharges were recorded from the hypoglossal nerve (Fig. 8) . The discharges elicited by palatal stimulation were low in frequency and long in latency compared with those of tongue stimulation .
These characteristics were similar to those elicited by electrical PNS and GNS. The latency of discharges There is a regional difference in stimulus effect of the jaw-opening reflex elicited by electric stimulation mechanical stimulation of the posterior palate elicits a jaw-closing reflex, while stimulation of the anterior palate elicits jaw-opening reflex22). According to Tomomune and Takata21), electrical stimulation of the superior laryngeal nerve with train pulses elicits EPSP in the retractor hypoglossal motoneurons and IPSP or EPSP followed by IPSP in protractor hypoglossal motoneurons in the cat. These findings suggest that the retractor motoneuron is activated and the protractor motoneuron is inhibited during the buccopharyngeal stage of swallowing. Therefore, the PNSelicited discharges obtained in the present study may elicit retraction of the tongue together with jaw-closing for the transport of bolus, from the oral cavity to the pharynx in the swallowing process in the same manner as those of the superior laryngeal nerve.
In contrast, the GNS-elicited discharges differ in function from PNS-elicited discharges, because the discharges cause the tongue to retract and protract.
The discharges may ascribe to different function of transport and rejection in food intake. Thus, the sensory inputs from both the palatal and glossopharyngeal nerves may alternatively enhance bolus transport because the conditioning stimulation of the pala-
